respectively, using video-intensified microscope photon-counting system (VIMPCS) after stain ing with 4•OE-6-diamidino-2-phenylindole (DAPI) (Suzuki et al. 1992) . In contrast, Malezka 
Results
Figures la-c are fluorescent microphotographs showing cell nuclei and organelle nuclei in C. merolae after staining with DAPI, Schiff's reagent and PI, respectively. After staining with DAPI, nuclei in C. merolae emitted weaker blue-white fluorescence than those in S. cerevisiae (Fig. 1a) . However, after staining with Schiff's reagent, nuclei in C. merolae emitted as much red light as those in S. cerevisiae (Fig. 1b) . In addition, after staining with PI, nuclei in C. merolae emitted stronger red light than those in S. cerevisiae (Fig. 1c) . A similar trend was seen with C. caldarium Forma A. The fluorescence intensity of C. caldarium Forma A relative to that of S. cerevisiae increased after staining with DAPI, Schiff's reagent, and PI, in that order (Figs. 1d-f). Schiff's reagent binds to purine residues, and DAPI binds to AT. Therefore, the present results suggest that the GC content of cell-nuclear DNA in S. cerevisiae is lower than those in C. merolae and C. caldarium Forma A, and that the fluorescence intensities of cell nuclei after staining with DAPI depend on the GC contents of cell nuclei. Therefore, it is difficult to estimate the DNA content of cell nuclei in C. merolae and C. caldarium Forma A by comparison to the DNA content of cell nuclei in S. cerevisiae after DAPI staining. The results of PI staining, which is affected by DNA topolgy, indicated the difference of DNA structure among C. merolae, C. caldarium Forma A and S. cerevisiae.
To confirm these results, we estimated the fluorescence intensities of cell nuclei in C. merolae and C. caldarium Forma A using VIMPCS (Table 1 ). The fluorescence intensities of cell nuclei in C. merolae and C. caldarium Forma A after staining with DAPI, Schiff's reagent and PI were approximately 0.55, 0.99 and 1.75 times, and 1.05, 2.54 and 5.07 times as much as those in S. cerevisiae, respectively.
The pcscl values of cell-nuclear DNA in C. merolae and C. caldarium RK-1 were 1.716 and 1.715, respectively (Suzuki et al. 1992) . Since the pcscl value of C. caldarium Forma A has not yet been determined, we used the pcscl value of C. caldarium RK-1, which is very similar to C. caldarium Forma A. The relation between pcscl and GC content is;
[G+C]%=1020.6(pcscl,-1.6606) (Delay 1970) .
Therefore, the GC contents of C. merolae and C. caldarium RK-1 are believed to be 56.5% and 55.6%, respectively. The GC content of S. cerevisiae is 36.2% (Chargaff 1950) . Based on these data and the present results, we determined that the DNA contents of the cell nucleus in C. merolae and C. caldarium Forma A after staining with DAPI, Schiff's reagent, and PI were approximately 11Mbp, 13Mbp and 24Mbp, and 21Mbp, 35Mbp and 69Mbp, respectively ( of Feulgen staining was close to that calculated from PFGE resolution patterns (Fig. 2) by Takahashi et al. (14. 2 Mbp, in press), we concluded that the ploidy of C. merolae cells is haploid and the DNA content of the cell nucleus in C. merolae is approximately 13 Mbp. The DNA Table 1 . The fluorescence intensities of cell nuclei in C. merolae and C. caldarium Forma A after staining with DAPI, Schiff's reagent (Feulgen staining) or propidium iodide (PI). The values represent the intensity relative to that of S. cerevisiae Table 2 . Estimated DNA contents of cell nuclei in C. merolae and C caldarium Forma A calculated by their fluorescence intensities and GC contents. Cell nuclei were stained with DAPI, Schiff's reagent (Feulgen staining), or propidium iodide (PI) * calculated from pcscl (Suzuki et al . 1992 ). ** calculated from pcscl (Ohta et al. 1992) . Based on this result, Feulgen staining seems to be most reliable of the three reagents for estimating genome size.
Discussion
Coleman and Maguire (1995) estimated the genome size of Ochromonas plastid DNA by staining with DAPI and ethidium bromide, using T4 particles as a reference. DAPI and ethidium bromide gave similar estimated values. The GC contents of Ochromonas plastid DNA and T4 particles are 31% (Charles 1977) and 34.4% (Schmidt and Hearst 1969) , respectively. Therefore, the reagent may not to be considered when there is little difference in the GC contents. However, if there is a large difference in GC contents, such as among the Cyanidiophyceae C. merolae and C. caldarium and S. cerevisiae, the binding preferences of the reagents may affect the estimation. Suzuki et al. (1992) estimated the genome size of C. merolae to be 8 Mbp after staining with DAPI using VIMPCS. The estimated genome size was approximately 14 Mbp using PFGE resolution patterns (Takahashi et al. in press ). This discrepancy was attributed to a disregard for the GC contents and the binding preferences of DAPI. In this study, the genome sizes of C. merolae and C. caldarium Forma A were estimated to be approximately 13 Mbp and 35 Mbp, respectively, which are similar to the values estimated from Feulgen staining. The results that the estimated genome size using PFGE was similar to that after staining with Schiff's reagent indicated that the ploidy of C. merolae is haploid. DAPI, which shows a logarithmic relation of AT contents (Dexhelet et al. 1989) , is unsuitable for estimating genome sizes. PI, which is base-unspecific, but depends on DNA topology, showed different results from those of Feulgen. Therefore, GC contents of nuclear DNAs and the binding preferences of staining reagents should be considered when estimating genome sizes.
Summary
The DNA contents in the cell nuclei of the Cyanidiophyceae C. merolae and C. caldarium Forma A were estimated using VIMPCS after staining with DAPI, Schifs reagent or PI. For C. merolae, the obtained data were compared with those of PFGE.
The results indicated that the genome sizes of C merolae and C caldarium Forma A were approximately 13 Mbp and 35
Mbp, respectively. Since the values obtained by PFGE were very close to those estimated from Feulgen staining, Schiff's reagent, which binds to purine residues and is not affected by GC content, is considered to be the most reliable of these three reagents for estimating DNA contents.
